To compare the diagnostic performance of cone-beam computed tomography (CBCT) relative to periapical radiographs (PAs) for detecting the effects of periapical lesions (PLs) on the roots and surrounding structures. Materials and methods: This prospective study considered teeth with PLs referred for extraction. To be included, the teeth must also have a recent diagnostic quality PA and a recent CBCT examination with the tooth in question imaged clearly. The images were anonymized, scrambled, and reviewed by two calibrated observers. The extracted teeth were sent along with their periapical tissues for histopathologic examination. Data collected included patient age and gender, the tooth in question, and the histopathologic diagnosis of the apical tissues. The observers were required to record the presence or absence of root resorption, encroachment on the maxillary sinus, and compression of the mental foramen and/or mandibular canal. Results: Cone-beam computed tomography performed superior to PA, detecting more effects on the surrounding structures, but this was only statistically significant for the effect of external root resorption (ERR) (p < 0.001). This was true irrespective of the histopathologic diagnosis of PL. Conclusion: The diagnostic performance of CBCT was significantly superior to that of PA for detecting ERR on teeth with PL. Clinical significance: The diagnostic accuracy of CBCT exceeds that of PA for detecting the effects of PL. However, the diagnostic accuracy is one of many factors to consider when choosing a diagnostic imaging modality for a specific task. Overall, CBCT examinations should be reserved for challenging cases after PAs have failed to provide all the required diagnostic information.
IntroductIon
Periapical lesions are considered to be one of the most common conditions that dentists and dental specialists have to manage. Proper management always requires an accurate diagnosis, upon which the management plan is based. Diagnosing PLs fundamentally requires some form of diagnostic imaging. 1 Periapical radiographs are usually used to detect PLs and to determine their size and effect on the surrounding structures. 1 These two-dimensional (2D) radiographs are readily available and easy to obtain and interpret. However, their 2D nature precludes the availability of information in the third dimension, which results in superimposition and sometimes limited contrast resolution. [1] [2] [3] [4] Additionally, their small size may limit viewing the entire PL. These limitations of PAs may affect the dentist's ability to appreciate the delicate effects of PLs on their surrounding structures, such as a loss of the lamina dura and resorption of the roots. 1 Rapidly advancing technology in the diagnostic imaging field has made available three-dimensional (3D) images, such as CBCT, which provides an abundance of diagnostic information without exposing the patient to relatively high radiation doses. The availability of CBCT and its ease of use are also improving. Operators are now able to manipulate and analyze their images with the click of a button. These advancements in imaging technology and image analysis potentially translate to improved diagnostic performance and consequently improved patient care.
The feasibility of CBCT to detect PLs compared to PAs has been extensively studied and reported. However, few studies delved deeper into CBCT diagnostic performance relative to PAs for PLs and to detect the delicate effects such as root resorption. This is important because it may influence the treatment option or result in treatment modifications. Therefore, the aim of the current study was to compare the diagnostic performance of CBCT relative to PAs to detect the effects of PLs on the roots and surrounding structures.
MAterIAls A n d Methods
This prospective study was approved by the research ethics board at the academic institution where the study took place. Teeth referred to the oral and maxillofacial surgery service for extraction due to a periapical lesion were included in the study. There were two inclusion criteria: the first was presence of a recent PA of adequate diagnostic quality (density, contrast, no major technical errors) of the tooth prior to extraction and the presence of a recent CBCT examination that includes the tooth in question. Exclusion criteria included primary teeth, impacted teeth, and teeth with incomplete roots. Data collected included the patient's age and gender, the tooth in question, and the histopathologic diagnosis of the periapical lesion after extraction.
Fortunately, all included CBCT examinations were conducted in the same manner using the same iCAT scanner (Imaging Sciences International, Hatfield, PA, USA) and similar exposure parameters (recommended by the manufacture). In addition, all patients were scanned based on the endodontic protocol using a field-of-view (FOV) setting of 16 cm × 6 cm and a voxel size (VOX) setting of 0.2 mm.
Both sets of images were anonymized, scrambled, and reviewed for the presence or absence of PL effects on the roots and the surrounding structures including the mandibular canal, mental foramen, and maxillary sinus. Two calibrated observers, a certified oral and maxillofacial radiologist and a certified oral and maxillofacial surgeon, reviewed the images. They reviewed the PAs as TIFF images and the CBCT images using Vision software (Imaging Sciences International). The observers were allowed to manipulate the images as they desired, and they were not given any time constraints. However, no more than 10 cases were reviewed per day to avoid fatigue. The calibration process was performed using 10 cases that were not included in the study to ensure uniformity of the terminology and assessment methods. The observers were required to record the presence or absence of root resorption, maxillary sinus encroachment, and/or compression of the mental foramen and/or the mandibular canal.
Extracted teeth and their periapical tissues were placed in 10% formaldehyde and sent for histopathologic examination.
This study was analyzed using IBM SPSS (SPSS Inc., Chicago IL, USA) version 23. Simple descriptive statistics were used to define the characteristics of the study variables using counts and percentages for the categorical and nominal variables, while continuous variables are presented as the mean and standard deviation. Fisher's exact test was used to establish a relationship between categorical variables. Finally, the criterion to reject the null hypothesis was a conventional p value <0.05. Intra-and interobserver reliabilities were assessed using κ statistics.
results
Intraobserver reliability ranged from 0.80 to 0.87 (very good agreement) for PAs and 0.72 to 0.80 (good agreement) for CBCT images. Interobserver reliability ranged from 0.66 to 0.82 (good to very good agreement) for PAs and 0.54 to 0.71 (moderate to good agreement) for CBCT images.
Ninety-three patients were included in the study. The patients ranged in age from 19 years to 93 years, with a mean age of 37.4 years. Gender distribution was almost equal (54.8% females and 45.2% males). Most cases involved the posterior teeth (86%), and the mandibular teeth were most commonly involved (59%).
The 2 × 2 tables comparing the performance of the two imaging modalities regarding the three effects (root resorption, effect on the maxillary sinus, and effect on the mental or mandibular canal) are presented in Tables 1 to 3, respectively. The CBCT performed superior to PA, detecting more effects on the surrounding structures, but this was only statistically significant for the effect of root resorption (p < 0.001).
Because of a lack of a gold standard (histopathologic confirmation) in the current study, the term "positive percent agreement" was used instead of "sensitivity," the term "negative percent agreement" was used instead of "specificity," and the term "overall percent agreement" was used instead of "accuracy." 5 The new terms were calculated in the same manner as the original terms. 5 The alternate terminology indicates that the estimates are for agreement and not for accuracy. 6 Table 4 outlines the new estimates and their calculations for the three studied effects of PLs. The most common histopathologic diagnosis was inflammatory granuloma or radicular cyst (89.1%). However, 10 cases (10.9%) were diagnosed with odontogenic cysts or odontogenic tumors. The significant difference in the performance of CBCT compared to PAs for detecting ERR was valid regardless of the histopathologic diagnosis as evident in Tables 5 and 6 .
dIscussIon
Comparative studies are ideally based on the concept of comparing the questionable concept with the gold standard. However, this was not feasible in the current study and the imaging technique (CBCT) in question was compared to the standard of practice (PAs), with the expectation that CBCT would outperform the standard because it is a 3D imaging modality, while the standard imaging technique is only 2D and inherently suffers from overlap.
Cone-beam computed tomography performed superior to PAs for detecting the effects of PL. However, ERR was the only effect of PLs that showed a statistically significant difference between the two imaging modalities. Cone-beam computed tomography outperformed PAs in detecting more ERR cases. These results are consistent with those of several other studies. 7-10 A systematic review and meta-analysis was conducted in 2017 to compare the accuracy of the two imaging modalities for ERR detection. 7 The study reviewed only in vitro studies and found that CBCT was more sensitive and more accurate compared to PA. 7 This was thought to be related to the limited information provided by PA, regarding the buccal and lingual root surfaces. 7 Other studies found that CBCT was more accurate, more sensitive, and more specific than PA for detecting ERR and internal root resorption. [8] [9] [10] Estrela et al. also found that internal root resorption was detected earlier on CBCT images. 9 A comparison of the diagnostic efficiency of two imaging modalities cannot be considered complete, without a thorough discussion of other factors that should be taken into account, such as radiation dose, cost, and accessibility. With regard to the radiation dose, CBCT examinations can deliver effective radiation doses ranging from a few μS V to over 1000 μS v depending on many factors including size and centralization of the FOV, the VOX setting, peak kilovoltage (kV p ) setting, time setting, and number of basis images. 11, 12 Therefore, it is imperative that dosimetry data are carefully reported and interpreted. In a recent study of impacted canines, CBCT examinations were shown to deliver a dose 15 times greater than a combination of one panoramic radiograph and three PAs. 13 Two factors are especially important when considering the radiation doses: (1) FOV size and centering and (2) VOX setting. The FOV size is inversely proportional to the effective radiation dose that is delivered to patients. 14 This seems intuitive because a smaller area of the patient that is exposed to radiation results in a lower radiation dose to the patient. 14 Equally as important is FOV centralization. Jadu et al. found that CBCT scans centered on the mandible yielded a greater effective radiation dose than those centered on the maxilla. 11 The proposed explanation was the proximity of the mandibular scans to the thyroid gland, which is considered to be highly radiosensitive. 11 In the current study, all the CBCT images were made with a VOX setting of 0.2 mm, which is the standard scanning protocol for evaluation of endodontic teeth. A similar VOX setting was chosen by Estrela et al. 9 Liedke et al. compared the effect of the VOX setting on the ability of CBCT to detect ERR. 15 They compared three VOX settings (0.4, 0.3, and 0.2 mm) and found little difference between them, but they concluded that the 0.2 mm and 0.3 mm VOX settings were better than the 0.4 mm VOX setting. 15 External root resorption is an undesirable effect of inflammatory conditions that is caused by clastic cell activation. 7, 9 The condition is progressive but asymptomatic, which means that it can advance undetected clinically. [7] [8] [9] Early detection is crucial because management by performing a root canal treatment can arrest the resorptive process and improve the treatment outcome. 7, 15 The burden of detecting ERR falls on diagnostic imaging. 7 Despite consistent results confirming the superiority of CBCT at detecting root resorption compared to PA, the general consensus is that it should be reserved for special cases and should not be considered as the standard of practice for detecting ERR or internal root resorption. 8, 16 There is also a general consensus that every effort to reduce the radiation dose to the patient, starting with the application of patient selection criteria should be made for every patient. 16 Future studies should address in more detail the influence of the PL size and its location on its detectability using the two imaging techniques. Another future direction should attempt to identify patients who would benefit from CBCT examinations to simplify the process for dentists and dental specialists.
